Background: Adverse childhood experience (ACE), attention deficit hyperactivity disorder (ADHD), and resilience can all contribute to depressive symptoms. However, little is known regarding the complex relationships between these factors and their joint effects on depressive symptoms. This study aimed to explore the underlying mechanism of ACE, ADHD, and resilience on depressive symptoms among men have sex with men (MSM) in China.
Introduction
Depressive symptoms among men who have sex with men Men who have sex with men (MSM), characterized by same-sex behavior, have been identified as a high-risk group for mental disorders, especially depressive symptoms [1, 2] . A study conducted in the United States demonstrated that the prevalence rate of depressive symptoms for MSM was 29.2%, which was much higher than 10.8% in the average adult men [3] . In China, Gao et al. reported that 34.5% of 400 MSM had depressive symptoms in Kunming [4] . The 12-month and lifetime prevalence of major depression were about 2.1 and 2.2 times more compared to general male population [5] . Depression was found to be positively associated with high-risk sexual behaviors and HIV infection in the MSM population [6, 7] . Therefore, reducing depression in MSM population warrants more attention.
Adverse childhood experience and depressive symptoms among MSM
Adverse childhood experience (ACE) refers to the traumatic experiences occurred under the age of 18, including abuse, neglect and household Challenges [8] . ACE can distort the development of individual and result in increasing risk of poor health outcomes, especially the symptoms of depression [9, 10] . ACEs are common in MSM population. For example, a study in Kenya showed that 70.6% of MSM reported at least one of childhood abuse including one physical abuse and three sexual abuse [11] . Another study conducted in 365 Chinese MSM reported that 12.6% and 10.5% of the respondents experienced psychological and physical abuse under age of 17 [12] .
The relationship between ACE and depressive symptoms has been well documented in general population [13] [14] [15] . As for MSM, limited studies, for example, Korhonen et al. found that MSM with childhood abuse and recent trauma experienced higher risk of moderate-tosevere depressive symptoms [11] . Hart et al. demonstrated that negative childhood experiences was associated with adult psychological distress among MSM [16] . These studies highlight the need to explore protective factors that extenuate the impact of ACE on depressive symptoms.
The possible mediated effect of attention deficit hyperactivity disorder (ADHD)
Adverse childhood experience has been identified to relate to attention deficit hyperactivity disorder (ADHD) [13, 17, 18] . It was found that children who experienced socioeconomic hardship, parental divorce, familial mental illness, neighborhood violence, and incarceration had higher risk for ADHD [18] . Individuals who reported more ACE exposures were more likely to experience the symptoms of ADHD [17, 18] . Furthermore, a significant association between ADHD and depressive symptoms has also been found. Studies showed that compared with young people without ADHD, those with ADHD were more likely to experience major depressive disorder [19, 20] . Another study reported that individuals with a history of ADHD had higher level of depressive symptoms throughout adulthood compared to those without ADHD [21] . In addition, a study conducted among 728 adolescents in Netherlands showed that ADHD could increase the risk of depressive symptoms, although this risk reduced over time [22] . Altogether, it is possible that ADHD act as a mediator in the relationship between ACE and depressive symptoms. However, few studies until now have explored this relationship.
Moderation effect of resilience
Resilience is an indicator of stress coping ability and may reflect the ability adapting or bouncing back from the adverse contexts [23, 24] . Resilience is not a static trait, but rather a dynamic and changing mental process [25] , through which individual can cope with adversity without experiencing physically and/or emotionally dysfunctional [23] . Resilience was considered as an important protective factor against the mental disorder following adversity [26] . It has been reported that individuals with higher level of resilience were less likely to have psychiatric disorder symptoms after exposing to significant trauma or adversity [27, 28] .
MSM often report ACE exposure and symptoms of depression. Evidence from studies conducted in general population [29] , juvenile offenders [30] and postpartum mothers [31] have demonstrated the mitigating effect of resilience in reducing the impact of ACE on depressive symptoms. However, to our knowledge, the possible moderated effect of resilience in MSM population has not been fully investigated.
Aims and hypotheses
Previous studies have reported the associations of ACE, ADHD, and resilience with depressive symptoms [11, 13, 21, 29] . However, whether ADHD mediate the relationship between ACE and depressive symptoms, and whether resilience moderate the direct effect of ACE on depressive symptoms were still little known, especially in MSM population. MSM, as a marginal population, often experience higher level of depressive symptoms than their heterosexual counterpart [4, 5] . It is essential to understand these associations for making interventions to decrease depressive symptoms in MSM. Therefore, in this study, we examined the relationships between ACE, ADHD, resilience and depressive symptoms using data from 714 MSM recruited from three capital cities (Wuhan, Changsha, and Nanchang) in China. As detailed in Fig. 1 , three hypotheses were provided: (1) ACE will be positively associated with depressive symptoms; (2) ADHD will be positively associated with depressive symptoms and mediate the relationship between ACE and depressive symptoms; and (3) resilience will moderate and buffer the direct effect of ACE on depressive symptoms.
Methods

Participants
Participants for this study were recruited from the gay activity centers and gay-gathering venues, such as gay bars and Karaoke entertainment places (KTV). Eligibility included men aged 16 years or older, self-reported receptive or insertive anal intercourse or oral sex with another man in their lifetime, and agreed to participate in this study.
Procedure
Data of this study was derived from the baseline survey of a MSM cohort study in China. The Medical Ethics Committee at Wuhan University of China reviewed and approved for this project.
Participants were recruited through various ways, such as routine HIV testing services, outreach activities, peer recommendation, and so on, in three capital cities of China: Wuhan, Nanchang and Changsha, from September 2017 to January 2018. All recruitment activities were supported by gay organizations (e.g. Tongxing of Wuhan). Every survey site was assigned to two well-trained graduate students, which would be responsible for recruiting participants and assisting the survey. This is an anonymous selfadministered questionnaire survey. After completing informed consent, electronic questionnaires were provided to participants through the tablets (e.g. iPad). Participants completed the questionnaires independently in a quiet room in order to protect the individual privacy. A face-toface assistance could be provided if the participant had any questions about the questionnaire. It took approximately 30 min for most participants to complete the questionnaire. Participants received a reward of 50 RMB (approximately US$8) after completing the questionnaire. Among 800 eligible MSM, 749 of them completed and submitted the questionnaires (response rate: 93.63%). A sample of 714 was used to analyze after excluding the individuals with incomplete data for key variables.
Measurement
Demographics characteristic
Information on age, residence, education, marital status, students status, employment status, monthly income, and sexual orientation was obtained. Residence was divided into urban and rural. Education was categorized as high school or lower and college or higher. Marital status was classified as unmarried, married, and divorced. Students status was divided into yes and no. Employment status was categorized as full-time employment, part-time employment, and others. Monthly income (in RMB) was divided into: ≤1000, 1001-3000, 3001-6000, >6000. Sexual orientation was classified as gay, bisexual, and undecided.
Adverse childhood experience (ACE)
ACE was evaluated using ACE questionnaire developed in Kaiser-CDC study [8, 32] . Participant reported 10 questions related to their three dimensions of experiences before age 18, including abuse (emotional, physical and sexual), neglect (emotional and physical) and household challenges (mother's violence, household substance abuse, household mental illness, parental separation or divorce, and household member incarcerated). Example item was "Did a parent, stepparent, or other adult living in your home swore at you, put you down, or acted in a way that made you afraid that you might be physically hurt?". Each item consists of three responses: "yes", "no" and "refuse". Responses of "yes" were considered that participants had the adverse childhood experience and scored as "1". Total score was calculated by adding up all responses with higher scores reflecting more adverse childhood experiences. The instrument was reported to have a good reliability and validity in Chinese population [33] [34] [35] . The Cronbach's Alpha in our sample was 0.77.
Attention deficit hyperactivity disorder (ADHD)
Adult ADHD Self-Report Scale (ASRS-v1.1) [36, 37] was applied to measure ADHD of the participants. It is an 18-items instrument with 5-piont rating (0 = never, 1 = rarely, 2 = sometimes, 3 = often, 4 = very often). The scale consisted of two subscales, inattention (9 items, e.g. How often do you have trouble wrapping up the final details of a project, once the challenging parts have been done?) and hyperactivity-impulsivity (9 items, e.g. How often do you fidget or squirm with your hands or feet when you have to sit down for a long time?). The total score ranges from 0 to 72, with higher scores indicating higher level of ADHD. The instrument has been used in Chinese sample, and showed a good reliability [38] . The Cronbach's Alpha for our sample were 0.92 for total scale, 0.85 for inattention domain, and 0.86 for hyperactivity-impulsivity domain.
Resilience
Connor-Davidson Resilience Scale-10 items (CD-RISC-10) [39] was used to assess resilience. The items of the scale included "I am able to adapt to change", "Coping stress can strengthen me", "I can achieve goals despite obstacles", and so on. The items are scored on a 5-point rating scale from 0 (never) to 4 (always), with total score of 0-40. Higher scores indicated greater resilience. The scale was reported to have a good reliability and validity in Chinese population [40, 41] . The Cronbach's Alpha in present sample was 0.95.
Depressive symptoms
The Centers for Epidemiological Studies Depression Scale (CESD) [42] was applied to evaluate depressive symptoms experienced in the past 7 days. The CESD is a 20-item, including four dimensions: depressed affect (8 items, e.g. I feel depressed.), positive affect (4 reverse items, e.g. I'm very happy.), somatic and retarded activity (6 items, e.g. I have a hard time focusing on doing things.), and interpersonal problems (2 items, e.g. I think others hate me.). It is a four-point rating scale ranging from 0 (never) to 3 (always). The total score was 0-60, and higher scores indicated higher levels of depressive symptoms. The CESD has been widely used in Chinese population, and showed adaptable reliability and validity [43, 44] , as well as the sample of MSM [45] . In this study, the Cronbach's Alpha of CESD was 0.87. As for the four subscales, the Cronbach's Alpha ranged from 0.76 to 0.87.
Statistical analysis
Descriptive analysis was performed to describe sociodemographic characteristics. Confirmatory factor analysis (CFA) was conducted to evaluate the construct validity of the scales using Mplus 7.0. The fit indices of χ2/df (< 3), Root Mean Square Error of Approximation (RMSEA; < 0.08), Comparative Fit Index (CFI; > 0.90), Tucker Lewis index (TLI; > 0.90) and Standardized Root Mean Square Residual (SRMR; < 0.08)/Weighted Root Mean Square Residual (WRMR; < 1.00) were used to assess the fitness of the model [46] . In addition, convergent validity was assessed by calculating the value of Average Variance Extracted (AVE; > 0.5) and Composite Reliability (CR; > 0.7) [46] . And discrimination validity was assessed by comparing the chi-square differences value (Δλ 2 ; > 3.84, > 6.64, or > 10.83) between unconstrained model (CFA for two different dimensions of a scale) and constrained models (CFA after merging the two different dimensions into one dimension) [46, 47] . Pearson correlation analysis was conducted to analyze the bivariate correlations between ACE, ADHD, resilience, and depressive symptoms. The PROCESS macro for SPSS [48] was used for the mediation and moderated mediation analysis. At first, the mediated effect of ADHD between ACE and depressive symptoms was examined by model 4 (see Fig. 2 ). Then, model 5 was used to test the moderated mediation effect of resilience, that was, whether resilience moderated the direct effect of ACE on depressive symptoms or not (see Fig. 3 ). Finally, we plotted the conditional effects of resilience at low (1 standard deviation [SD] below the mean value of resilience scale), moderate (the mean value of resilience scale) and high (1SD above the mean of resilience scale) levels. In addition, covariates (age, education, residence, marital status, student, employment status, monthly incomes and sexual orientation) were controlled in all model analysis and all study variables were mean-centered prior to the analysis. All statistical analysis excluded CFA was conducted with the software of SPSS 22.0.
Results
Sample characteristics
A total of 714 participants was recruited in this study, 60.5% of them were from urban areas, with a mean age of 27.1 (SD = 8.5) years old. Around three-quarters (74.8%) of the sample had college or higher-level education, 27.5% were students, and 58.8% had a full-time job. Of the full sample, 84.3% reported never married and approximately half of participants had monthly income less than 3000 RMB (approximately USD $480), and 73.0% of the participants self-reported as gay men (see Table 1 ). Table 2 displayed the results of the CFA and convergent validity analysis for the four scales. Results from CFA with the scale of ACE (χ 2 /df = 2.91, RMSEA = 0.036, CFI = 0.977, TLI = 0.967, WRMR = 0.930), ADHD (χ 2 / df = 4.86, RMSEA = 0.074, CFI = 0.907, TLI = 0.892, SRMR = 0.044), resilience (χ 2 /df = 5.11, RMSEA = 0.076, CFI = 0.961, TLI = 0.947, SRMR = 0.042), and depressive symptoms (χ 2 /df = 2.80, RMSEA = 0.050, CFI = 0.930, TLI = 0.919, SRMR = 0.045) showed acceptable fit. All values of CR for ACE scale met the cut-off criteria, ranging from 0.72 to 0.85. The AVE value of ACE domains were acceptable, except for household challenges (AVE = 0.38). Although ADHD acquired lower value of AVE, the CR values of both domains reached 0.86, which obviously higher than acceptable level 0.7. The resilience scale showed good convergent validity, the values of CR and AVE both met the cut-off criteria, reaching 0.94, 0.62, respectively. As for the scale of depressive symptoms, although the domain of somatic and restarted activity presented limited AVE values, the AVE values of other domains were around 0.5. And all values of CR were over the recommended threshold of 0.70, ranging from 0.78 to 0.87. Above results indicated that the construct validity and convergent validity of four scales were acceptable. Table 3 displayed the results of discrimination validity for the scales. Results showed that Δχ 2 between unconstrained model (Model A) and constrained model (Model B) for the scale of ACE, ADHD, depressive symptoms were 10.97-11.21, 76.50, 13.17-650.05, respectively. The values were significantly higher than the critical value 10.83 (P < 0.001). Those results indicated that the scale of ACE, ADHD, depressive symptoms have a good discrimination validity. Table 4 displayed the mean, standard deviation and correlations of ACE, ADHD, resilience, and depressive symptoms. The score of ACE was 1.04 (SD = 1.43) ranging from 0 to 9. Among 714 MSM, 367 (51.4%) reported at least one of ACE exposures and 93 (13.0%) reported three or more exposures. The mean scores of ADHD, resilience and depressive symptoms were 21.86 (SD = 11.34), 26 .78 (SD = 8.45) and 17.64 (SD = 10.49), respectively.
Evidence for validity
Bivariate correlations
Results in Table 4 indicated that ACE was positively associated with ADHD (r = 0.19, P < 0.001) and depressive symptoms (r = 0.22, P < 0.001) among MSM. Resilience was significantly associated with ADHD (r = − 0.31, P < 0.001) and depressive symptoms (r = − 0.39, P < 0.001) except ACE (r = − 0.05, P = 0.20). In addition, ADHD was found to be positively associated with depressive symptoms (r = 0.39, P < 0.001).
Mediation modeling analysis
Results in Fig. 2 displayed that ACE was significantly and positively associated with depressive symptoms (β = 1.01, 95% CI: 0.45-1.57). Furthermore, ACE was also found to be positively associated with ADHD (β = 1.53, 95% CI: 0.99-2.07), which in turn was significantly predictive of depressive symptoms (β = 0.36, 95% CI: 0.28-0.43). Results demonstrated that ADHD partially mediated the relationship between ACE and depressive symptoms for MSM (indirect effect = 0.55, bootstrap 95%CI: 0.34-0.79, accounting for 35.25% of the total effect).
Moderated mediation analysis
Moderated mediation analysis in Fig. 3 showed that all paths in the model were significantly remarkable (P < 0.05), including the interaction effect of ACE and resilience (β = − 0.09, 95% CI: − 0.15 -− 0.03). Results indicated that resilience was significantly and negatively moderated the relation between ACE and depressive symptoms for MSM.
Conditional direct effect of moderated mediation analysis
The conditional effects of resilience at low level (i.e., 1 SD below the mean), moderate level (i.e., mean) and high level (i.e., 1 SD above the mean) were depicted in Fig. 4 , respectively. Results illustrated that among MSM with low level of resilience, higher ACE score were associated with higher risk of depressive symptoms (β = 1.82, 95%CI: 1.04-2.61). Furthermore, the effect at the moderate level of resilience was also significant (β = 1.06, 95%CI: 0.57-1.55). However, for those MSM with high levels of resilience, the relationship between ACE and depressive symptoms was non-significant (β = 0.32, 95%CI: − 0.32 -0.93). 
Discussion
This study firstly examined construct validity as well as convergent validity and discrimination validity of the ACE, ADHD, resilience, and depressive symptoms scales in the sample of MSM. Results indicated that the validity of four scales were all acceptable. Secondly, the mediating role of ADHD between ACE and depressive symptoms, and the moderating effect of resilience among ACE, ADHD and depressive symptoms were explored, using a moderated mediation model. The findings demonstrated that ACE, ADHD and resilience were significantly associated with depressive symptoms, however, the underlying effects of these factors on depressive symptoms were different. ADHD partially mediated the relationship between ACE and depressive symptoms. Moreover, the direct effect of the mediation model was moderated by resilience, that the direct effect of ACE on depressive symptoms decreased as resilience increased. MSM in our study reported higher scores of ACE, with over half of participants reporting one or more ACE exposures, compared to general male population [13, 49] . Our results showed a strong positive association of ACE with depressive symptoms, which was in accordance with that of previous studies [13] [14] [15] . The finding could be explained by the stress sensitization theory [50] . This theory suggests that the threshold of depressive reactions can be reduced by ACE, which will contribute to significant depressive reactions of individual even exposed to mild stress. MSM usually experienced various kinds of ACE prior to the age of 18 years [11, 12] . In addition, MSM, a marginalized and isolated population, often confronted with various stressors or challenges such as stigma [51, 52] .
Therefore, MSM often have higher prevalence of depressive symptoms.
As hypothesized, we found ACE was positively associated with ADHD, which in turn escalated the symptoms of depression. The finding possibly revealed that ADHD served as an important mediating mechanism concerning how ACE indirectly affected depressive symptoms. To our knowledge, this study was the first to examine the underlying mediated mechanism of ADHD in the relation between ACE and depressive symptoms, as previous studies only examined the relationship among ACE, ADHD and depressive symptoms separately [13, 22] . The mediating effect of ADHD might be attribute to the following reasons. ACE exposures might cause changes in brain structures and functioning related to ADHD, which resulted in the development of ADHD [53] [54] [55] . However, individual with ADHD often have poor academic achievement, unstable professional career, more fiscal problems and unsatisfied interpersonal relation [56] , due to the difficulties in thinking, concentration, organizational skill and so on [57] . Therefore, they were more likely to experience to depressive symptoms. The finding suggested that the diagnosis and treatment of ADHD might be beneficial to the intervention work on depressive symptoms among MSM population. Additionally, resilience moderated and buffered the effect size of the correlation between ACE and depressive symptoms (direct effect). We found that as resilience increased, the association of ACE with depressive symptoms weakened and became non-significant when resilience reached to the high-level. This finding aligns with one study conducted in the United States [29] , which suggested that resilience might reduce the tendency for developing depressive symptoms towards similar levels of childhood adversity. Similarly, a survey among 429 juvenile adolescents in the US [30] also reported the moderated effect of internal resilience in the relation of ACE to psychological distress. Our findings could be explained by the characteristics of resilience. Resilience was defined as an adaptable ability that enable one to thrive following adversity [24] . Individual with Fig. 4 The moderating role of resilience in the relation between adverse childhood experience and depressive symptoms among MSM (N = 714). Notes: (1) Covariates controlled in the modeling analysis were age, residence, marital status, education, student, employment status, monthly income and sexual orientation. (2) ***p < 0.001 high resilience often keeps a sensitive and positive attitude towards adversity, which can prompt them to bounce back from the disadvantaged environments [23, 58] . Therefore, resilience could serve as a protective factor and mitigate the impact of ACE on depressive symptoms, which indicates building up resilience might help to ease depressive symptoms among MSM.
Limitations
There are some limitations in this study. First, due to the cross-sectional nature of the data, the causality between variables cannot be established. Also, temporality of some variables, such as ACE, ADHD and resilience, could not be captured. Therefore, our findings need to be validated in longitudinal study in the future. Next, data were self-reported, thus, there could be self-report bias in this study. Furthermore, the participants recruited in current study were mainly from three capital cities of China, which may not represent all MSM in China, such as MSM from remote or rural areas. Finally, some potentially important protective factors such as family and community support were not assessed. We controlled for some sociodemographic variables in our analyses, but residual confounding may still be present.
Conclusion
This study contributes to the literature by showing that ADHD partially mediates the relation between ACE and depressive symptoms, and resilience buffers the direct effect of ACE on depressive symptoms. MSM with higher ACE scores, especially those who have more symptoms of ADHD and present low and moderate levels of resilience were more likely to experience depressive symptoms. Chinese public health practitioners aiming to improve MSM's mental health should consider the effect of ACE on depressive symptoms and the role of ADHD and resilience in the relation. 
